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Eg Antoni.0 F e r r i  

Tests 1.vere :'erfolorned i n  th4 Gb'tti-Y?gcn (Gerrxang) and 
C;iA.donia ( I ' t a l y )  s q e y s c n i c  turmels i n  orde;. t o  deter;nine 
the  zs~ociynm.ic c h z r h c t e r i s t i c s  of T r o j e c t i l e s  of v a r i o ~ ~ s  
s h q e s .  
for t h e  G o t t h g e n  t e s t s  snd fron l.h$ t o  2.66 for t h e  
Gufdonfa t e s t s .  The results show thst i n c r e a s i n g  t h e  
r e l z t f - v e  l e n g t h  of the nose c~?.uses t h e  d r a g  c o e f f i c i e n t  
t o  dec res se  <md t h e  c c n t e r  of  prea3ure t o  move fo rwar l .  
For a g i v e n  l e c s t h ,  the n3sc h .av i r~g  ml.nimurn clreg has a 
curved F r o C i 1 9 ;  t h e  curvc?ture is p r s a ' t s s t  a t  thg t i p  m.d 
dec reases  t o  9 very s m a l l  va lue  -toward t he  r e a r  of  t h e  
nose, where the s h a ; ~  becomi:s a p ~ m x i l n a t e l y  c o n i c a l .  As 
t h e  Xach iiurrnber i nc r sa . se s ,  t h e  ) t i ~ z ~  c o e f f i c i e n t  dec reases  
arid t h e  c s n i e r  of  p r e s s w e  m v e s  t.oward t h e  t o i l .  F o r  

f i c f e i i t  and t h e  rnove:nerLt of t h a  c e n t e r  o f  p r e s s u r e  a re  
small. 
aerod;yulal?-,ic c h a r s c t s r i s t * i c s  close t o  t h o s e  dbt3rrcified 
expeA?iRent a l l y  for small f'lov: dsvf atfons. 

The P:"2?ch nunbsrs r anged  f r o n  about 1.3 t o  3.2 

the hf&ec ;;pcl-i l-i:.mit>i:f*s the v a r l  .ttiail of t h e  d rzg .  C o ( 3 f -  

E x i s t i n ~ q  a e r o d p l s m i c  theory gives  ve lues  o f  t h e  



Force  t e s t s  o f  s n a l l  models 0.393 i n c h  i n  d i a m e t e r  were 
concluctt3d i n  a s u p e r s o n i c  t a r r i e l  hayiing: a t e s t  s e c t i o n  
aDzroximately 2.36 by 2.84 inches,  The shape  of t h e  
models vas s y s t e m a t i c a l l y  v a r i e d  t o  de t e rmine  t h e  e f f e c t s  
on the  a e r o d 7 p m i c  c h a y a c t e r i s t i c s  o f :  

(1) Nose p r o f i l e  shape  f o r  B t y p i c a l  f i n e n e s s  r a t i o  

( 2 )  Nose l e n g t h  f o r  noses w i t h  c i r c u l a r - a r c  p r o f i l e s  

( 3 )  Smel l  t s p e r  of t k e  t p i l  of the  p r o j e c t i l e  

The program c a r r i e d  o u t  a t  the Guidonia  L a b o r a t o r y  
had  as  i t s  aim the  development o f  BT? optimum sha;?e f o r  a 
l . E l 2 - i n c h - c a l i b e r  m t i t m k  p r o j e c t i l e .  B e c m s e  o f  t h e  
r e l s c i v e l g  1YrFe s i z e  or" t h e  t e s t  n o d e l ,  i t  was p o s s i b l e  
t o  o b t a i n  p r e s s u r e - d i s t r i b u t i o n  s t u d i e s  as  well a s  p r e c i s e  
ae:rcJdynmic d a t s  f o r  comparison w i t h  r e s u l t s  d c r i v e d  by 
e x i s t  ins t h e o r y .  

shprp-nose z r o j e s t i l s s  a t  A C T O  anii;lc. of  a t t a c k  and t h e  
t h e c r i e s  o f  r e f e r c n c e s  7 and 8 f o r  b o d i e s  of r e v o l u t i o n  
a t  ari a n g l e  of yaw in:ere u s e d  t o  ccmpu'G5 the t h e o r 2 t i c a l  
c h a r a c z e r i s t t c s  of t h e  v a r i o x s  c o n i c a l  r i o s s s  for coni- 
n a r i s o n  cri th t h e  e x p e r i n e n t a l  r z s u l t s .  T h e  asrodynarr ic  
t h c o r g  cf n in lnwn-drzc  pro j a c t i l e s  T resen tcd  In  r?fl-"r- 
enzes  3 snd 5 t o  7 w a s  u sed  as s guide  i n  t h a  d e s i g n  of 
t h e  v z r i o u s  nose  shspas c f  ths p r o j e c t i l z s  t e s t a d .  

The t h e o r i e s  1;resenLed ir, r e f s r e i l c e s  1 t o  6 f o r  

The syrnbols used  f o r  d e f i n i n g  the  aerodynamic coef -  
f i c i e n t s  aid t h e  g s o m e t r i c  c h a r a c t z r f s t i c s  o f  t h e  p r o -  
j e c t i l 3 s  e m  g i v e n  i n  f i g u r s  1. 

sgeed o f  sound i n  f r e e  s t r e a m  

f r ee - s  t r e  sm v e  l c c  i t y  

f r e e - s t r e a n  Mach number (Vo/a,) 

f r e e  - s tre rm dyn srni c p re s  s u r e  

l o c e l  s t a t i c  press 'are  
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/P - Po\ nressure c c s f f i c i e n t  ( 
90 : 

d i m i e t e p  of body of p r o j e c t i l e  

i - e s u l t m t  force on p r o j e c t i l e  

dr 2 g 

lrif t 

p i t c h i n g  moment about  r e a r  f a c e  o f  p r o j e c t i l e  

- : 3 i t ch ins -moment  c o e f f i c i e n t  s b o u t  r e F r  f a c e  of' 

3 

l m p t ' r ? _  of p r o J e c  tile 

r a i f u 3  of' nose o f  p r o j 2 c t f l a  

cent e r  -of  - p r z  s s u r e  pcs i ti on ,  iaie as1x.e c? fr c n  y e  R r  f a c e  
o f  p o j e c t 1 . l e  

=isle of a t t a c k  of  p r o j e c t i l z  
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Ain2-Tmnel  mid 3xljeri:nm.t a 1  Methods 

Te s t Yode Is 

The models e a c h  had a d i w e I e r  of' 0.593 i n c h  ?rid 'der's 
siryported b;~ i! stilng a t r z c h e d  t o  t h e  r e m  f a c e .  The 
ainiensioris of  t m  s t i n g  end t h e  tare systern adopted w e  
n o t  ~ ~ O V J T I .  
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I 
I *  were of c i r c u l a r  F r o f i i e  w i t n  t h e  i s ed i i  T ~ a r y i n g  

f r o m  6.5~1 t o  a, ( c o n i c a 1  n o s e ) .  POP t h e  n o s e  with 
6.3~1 r a d i u s  (model 1, fig. 3 ) ,  t h e  end of t h e  n c s e  WFS 
tangefi t  t o  t h e  c y l i n d e r  P t  t h e i r  j m c t a r e  b a t ,  for t h e  
o t h e r  models,  t h e  p r o f l l f  of the nose  t e r r z ina t ed  x i t h  

I i t s  t a n g e n t  - inc l ined  a+, an angle E w i t h  r e s p e c t  t o  t h e  
t g e n e r a t r i x  of t h e  c y l i n d e r .  

Length of t h e  ncse.-  F ive  models hav ing  Rose l e n g t h s  

fic. I + )  were t e s t e d  t o  detee-mine t h e  ei 'i 'ect o f  t h c  l e n s t h  
of' t h e  riose. The n s s e s  o f  a l l  t h e  mcdels  had c i r c u l a r  
profiles t a n g e n t  t o  t h z  c y l i n d e r  fo rming  thr: body of  t h e  
p r o j e c t i l e .  

I 
\ varyhg from G . F d V 5 d  (models 5, 6, I, '7, and 8, 

T a f l  t a p r . -  Threa mcdeis d e r i v e d  from model 1 snd 
havin,thrl3e d i f f e r c n t  t p i l  t n p s r s  ( i i i odz l s  3, 10, ana 11, 
f i g .  5 )  were t e s t j s d  t o  determirAe t i ia  zfffect  of' t a i l  ts,3er. 

Wind.-f,urinel t e s t s .  - The r e s t l l t s  of t h e  exner iments  
a t  t h z  <iGttj.riFen L z k o r a t o r y  c?l't3 g i v m  i n  f i , q m e s  6 t o  21. 
FLguras 6 t o  11 show t h e  r e s u l t s  of tttsts t o  det:?,rl;.,ine 
t h e  e f f e c t  af tC5 nose  shepe. I n  r ' igart:s  6 to 9 t h e  
v a r t e t i o n  of  the e~rodynmmic c o e f f i c i s n t s  f o r  models  1, 
2 ,  3 ,  arci .I.c i s  s inom for s s w r a l  ariglss o f  a+ , tnsk  and a 
r m p e  of' Nach n - m k r s .  Figures 10 m d  11 shew t h c  A S Y O -  

d p m i c ,  c o o f f i c i e n t s  .c?f e s c h  projectile a t  eqiic71 Mach 
nlmbers  as a f u n c t i o n  o f  thi;! r a t i o  d/r .  A s  shown ir! 
figures 10 and 11, the  n i n i x m  dyeg c o a f f i c i e n t  was 
o b t a i n e d  for a nose  i i i t e r x a d i a t e  'Go .i;hi.\ " rioses f o i l  a h l z h  
r = 03 ,and r = 12.5d. T5S d i f f2roncGs i n  the m i n i m u m  
d r q  c o e f f i c i e n t s  were n o t  l z r g e .  

The r e s u l t s  o f  t h e  t e s t s  t o  de te rmine  t h e  e f f . j c t  o f  
t h e  l e n g t h  of the ncse n e  g i v m  i n  f igur .es  12 t o  17. 
I n c r e s s h g  the  f i n e n e s s  r a t i o  of the nase  n N  caused  
tli6 d r q  c o s f f i c i e n t  t o  drop n o t i c e s b l y -  (fiz. 16). The 
S l o F e  c i C ~ / d n ~ ~  dec reased  a s  nN i n c r e a s e d .  The c e n t a r  
of p r e s s u r a  of t h e  p r o j e c t i l e s  rnovd:d toward the nose  as 
t h e  fifionss:; p ~ . L i s  pf bll',?, nosf, inci:.eo:e<(i (fl~;. 1-71. 

The r e s u l t s  of t h e  t e s t s  Lo  e v c l u s t e  t h e  e f f e c t  o f  
Lhe t s i l  t a p e r  ere given i n  f i g u r e s  18 t c  21. The vari- 
a t i o n  oi' t h e  asrodynsrnic c o s f f i c i c n t s  with Xsch nimber is 



shomm i n  f i g u r e s  18 t o  20, a n d  d a t a  for congarison of t h e  
teTc-red pcdels  witn model 1 arc; sho1i.n i r i  f i ;uye 21. 
drak;  of t h e  i ? r o j e z t i l e  *:JPS l o w e s t  for t h e  l o n g e s t  tapered 
t z i l ,  e s p e c P a l l g  a t  the  lowe? h,ec?i nunii>ers ( f i g .  2 1 ) .  
The d i f f e r e n c e s  i n  d r r g  c o e f f i c i e n t s  were n o t  1 s r y .  The 
o t i l e r  aerody:? m i  c ch e r  ac t e  r i  s t i c s  1:iere n o t  qlipre c i  25 ly 
a l t e r e d .  

Tlie d r sg  c o e f f i c i e n t  f o r  2 g i v e n  p r o j e c t i l e  shepe  
dacressed 5s t h e  Xach n:Jmber wzs increased. 'This e f f e c t  
W R P  m o s t  pronounced a t  the  lower  sui.:;ersonic v e l o c i t i e s  ; 
t h e  v a r i c " t i o n  F t  lilech nw-beys or t i l e  o r 2 e r  of 5.0 WES 

clrimge -. z;?prcc1 sb ly  with angle of a t t a c k .  In  t h e  lowar  
s u n t r s o n i c  v e l o c i t y  r m g e  t h e  c e n t e r  GP Fressure moved 
tosvzrd the i"eEr of t h e  p r o j e c t i l e  ,F~S t he  spaed  was 

h i g h s r  Lech r l ~mSe. rs .  

sli,.-ht. 7'- - L ~ ~  e y o s i t i o n  of t h e  cef i - ter  oi" p r e s s u r e  d l d  :lot 

i n c w  v G a ~ c l  q m  '. bit t ended  t o  e p ~ ~ o a c h  R f i x e d .  l o c ~ t i o x  a t  t h e  

1 
2 
7 i 

I 
I 

1 o.:o 
2 .56 

G.29 

.28 

. "3 

.2b 

G.29 

.28 

. "3 

.2b 

The p r o j e c t i l e s  used i n  t h e  f i r i n g  t e s t s  h a d  sn 
zggl-5 or s t t a c k  ci' r i e s r l y  3 O  2nd 2. Inour:?:iet, r i n g .  Drag 
c o e f i ' i c i m t s  o b t a i n e d  f ? o m  f i r f n g  t e s t s  z t  a r ~ g l e s  of 
a t t & c k  R . ~ F P  3 O  gavd d r a g  coef f ic idn .Ls  I;hr,t were i=c;uiv~-  
l e n t  to 9 wind- tunnel  a n g l e  of  a t t s c k  of e b o u t  7 . 5 O .  
The d i f ' f e r ences  theref3z.e can!-:ot be e n t i r e l y  dze t o  t h e  
presence o f  khe S o u r r e l e t  nor t o  'ch9 3rTor in m g l e  0.f 
a t ' i sck .  The d i f f e r e n c e s  may probzb1-y be a t t r i b u t e d  in 
2 , a r t  t o  t h e  d i f f e r e n c e  or' surface i ' fn i sh  betweeri t h e  
t i rnne l  rfiodsl snd t h e  f i r e d  p r o j e c t i l e s ,  t h e  r o t s t i o n  o f  
tl? f k G d  g r o j a c t i l e  about i t s  axPs,  and t h e  c?if'r7<3~~;1~c-3 
i n  Reynolds number f o r  t h e  f ' i ~ i f i ~  .?.!rid t h e  t w i n e 1  t e s t s .  
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Test; P r o j e c t i l e s  

Results 
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t e s t ,  re.:-'?.lts : 
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t r ; h l e  concares  t h e  d r c g  cguf ' f ic ier- ts  for n = 0' slid 
t h e  c e n t  3r -of -prcs  2 ur'! p o s t t l  GAS for t h e  v a r i o u s  p r o j e c -  
t i l e s  f o r  IC, = 2 . ~ 6 :  

i t  will ba obs2rved t h a t  y r c j e c t i i e s  5 ,  8 ,  a d  9 had 
t h e  lowes t  drag.  These tk.l.es sh:l.yds E r s  closax-. t .o  t h e  
optimum p r o f i l e  p r e d i c t s d  t h 2 ~ i ? e t i ~ . ? l l y  thsn any c f  t h e  
o t h s p  noses  t e s t e d .  The p r e s s u r e - d i s  t r i S i i t i  on diq.rm.s 
( f i g .  31) and t h e  floix p h c t c p a p h s  i f i , T s .  34 axa 35) show 
t h a t ,  when t h e  f r o n t  p e r t  cf  t he  D r o j e c t i l e  i s  f l a t  as 
f o r  p r o j e c t i l e s  8 and 9, E: r?oiyii::.l shock 'u:;BT:~ s c c u r s  and 
t h e  p r e s s u r e  a t  t h e  n m e  npproeches %he s t r e m  t o t a l  
pressure in v a l u e .  The shock  wsve i s  d e t a c h e d  f r o n  t h e  
p r o j e c t i l e . .  I n imdi i ? t e ly  >ohind  the blmt f e c a  cf the 
nose 8 ra.7i.d expms ion  GCCUI'S, and t h e  ?ress i l r e s  a s h o r t  
d i s t o n c e  from the n3se  beconie lowe:. l;hs,ii f o r  ths conica.1 
nose. Thsss 1 o w . r  p r e s s u r e s  a c t  o w l -  E ralst1s.el .y l a r g e  
p a r t  of the  r r o r i t a l  e r e a  of t h e  p r o j e c t i l e ;  consoquant ly ,  
a lower drc.g c o e f f i c f e n t  i s  o b t a i n e d  f o r  the blunt nose 
t h m i  f o r  t h e  c m i c a l  nose. The p r e s s u r e  011 t h e  r e a r  f a c e  
of t h e  ; ? r o j e c t i l e  i s  about t h e  sane for b o t h  t y p e s  of 
nose.  'Tho l i f t  a t  t h e  same  angle o f  ~ t t a . c k  for t h e  blunt 
noses  is slightly r,Sreater t han  for the c o n i c a l  ncses ,  and 
t h e  cen-cer  or" . p re s su re  i s  t n e r e f o r s  i ' m t h e r  f D r v i s r 4 .  
These d i f f e r e a c e s  a r e  v a r y  s c a i l ,  'no~j l l ;~ve~~.  I t  x r y  he 
mentfonsd t h s t  th.e b l u n t  'type o r  n3se is Mors p r r c t i c a l  
t h a n  tdhs sherg- ,po in ted  nos6  f r o m  t h e  s t a n d 7 c i n t s  of con- 
s t r inc t ion  m d  n z i n  t a n m c u .  
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2, The d r g g  coel 'f icieri 'c  for c7 given n r o j e c t i l e  shsp3 
d e c r e a s e s  as tkLs Xach numbel- i s  i nc ra s sed .  This e f f e c t  
i s  mos t  pronounced at t h e  1ov:eP s i n e r s o n i c  v e l o c i t i e s ;  
t h e  variatfon a t  M ~ c n  riwvhers of Lhe ordc.r of 3.0 i s  s l i g h t .  

L m g l e y  T I e m o r i  21 A3ficn rut i c  al Itsboxantory 
N a t f o n a l  Advisory C o r m i t t e e  Tor  As rcnpu t i c s  

LaDg! e y F ' i  e Id, Ve . 



. 

1. T s y l o r ,  G. I., end h i ~ s c o l l ,  J. Vi.: Tile A i r  P r e s s u m  
cn a Cor,$ XovIng e t  EiSh S;)esd?. PYOC. Roy. SOC. 
(London) ,  s e r .  A, vol. 157, no. 838 ,  m b .  1, 1953, 
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Fig. 3 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Model 1 

Model 2 

Model 3 b 
f 

Model 4 

F i g u r e  3 . -  i 4oue l s  t e s t e d  a t  G o t t i r l g e n  t o  d e t e r m i n e  t h e  n o s e  
o f  minimum d r a g .  d = 0.8393 i n c h .  



Fig. 4 NACA ACR No.  L5H08 
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6.06 - Model 6 .LTT 
M o d e l s  t e s t e d  a t  G o t t i n g e n  t o  

o f  n o s e  l e n g t h .  d = 0.393 
d e t e r m i n e  
i n c h .  

t h e  e f f e c t  
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Model I 

Model 9 

Model II 

NATIONAL ADVISORY 
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F i g u r e  5.- M o d e l s  t e s t e d  a t  G o t t i n g e n  t o  d e t e r m i n e  t h e  e f f e c t  
o f  t a i l  t a p e r .  d - 0.393 i n c h .  



F i g .  6 N A C A  ACR No. L5H08 

M u c h  n u m b e r ,  M, 

F i g u r e  6.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach number  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model 1. ( G o t t i n g e n ) .  



N A C A  A C R  No. L5H08 F i g .  6 Conc. 
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M u c h  number ,  M. 

F i g u r e  7 . -  L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach number  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model  2. ( G o t t i n g e n l .  



NACA ACR N O .  L5H08 Fig. 7 Conc. 
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M a c h  n u m b e r ,  M, 

Figure  7. - Conc luded .  



NACA ACR No.  L5H08 F i g .  8 
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Much number ,  Mo 

r e  8.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  
f c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach numbe 
a r i o u s  a n g l e s  o f  a t t a c k .  Model 3. ( G o t t i n g e n )  
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F i g u r e  8. - C o n c l u d e d .  



F i g .  9 NACA ACR No.  L5H08 
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Much number,  MO 

F i g u r e  9. - L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach n u m b e r  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model 4.  ( G o t t i n g e n )  
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F i g u r e  9.- C o n c l u d e d .  
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F i g u r e  10.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i 0 . n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  t h e  r a t i o  o f  t h e  
d i a m e t e r  o f  t h e  b o d y  o f  t h e  p r o j e c t i l e  t o  t h e  r a d i u s  o f  
t h e  n o s e  o f  t h e  p r o j e c t i l e  f o r  v a r i o u s  a n g l e s  o f  a t t a c k .  
M o  - 2 .0 .  ( G o t t i n g e n )  



N A C A  ACR N o *  L5H08 Fig, 10 Conc. 
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F i g u r e  10. - C o n c l u d e d .  



Fig. 11 NACA ACR No. L5H08 
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F i g u r e  

d / r  

11.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  t h e  r a t i o  o f  t h e  
d i a m e t e r  o f  t h e  body o f  t h e  p r o j e c t i l e  t o  t h e  r a d i u s  o f  
t h e  n o s e  o f  t h e  p r o j e c t i l e  f o r  v a r i o u s  a n g l e s  o f  a t t a c k .  
Mo = 3.0.  ( G o t t i n g e n )  



NACA ACR N O .  L5H08 Fig. 11 Conc. 
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F i g u r e  11.- C o n c l u d e d .  
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NACA ACR No. L5H08 

F i g u r e  12.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach number  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model 5. ( G o t t i n g e n l  
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NACA ACR NO. L5H08 Fig. 12 Conc. 

F i g u r e  12. - C o n c l u d e d .  
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F i g u r e  13.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach n u m b e r  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model 6. ( G o t t i n g e n l  
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Fig. 13 Conc. 

F i g u r e  13. - Conc luded .  



F i g .  14 

i? 
h 

‘L, .6 

N A C A  ACR No. L5H08 

.. 
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Much number, Mo 

F i g u r e  14. - L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach n u m b e r  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model 7 .  ( G o t t i n g e n )  
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F i g u r e  14. - C o n c l u d e d ,  



Fig. 15 N A C A  ACR No. L5H08 

.6 

.4 

.2 

0 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
.--LA--- 

. .  . .- 
M a c h  number, No 

F i g u r e  15.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach n u m b e r  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model  8. ( G b t t i n g e n )  
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F i g u r e  15. - C o n c l u d e d .  



F i g .  16a N A C A  ACR No. L5H08 

F i g u r e  16 . -  D r a g  c o e f f i c i e n t  as a f u n c t i o n  o f  n o s e  f i n e n e s s  
r a t i o  f o r  c o n s t a n t  Mach n u m b e r .  ( G o t t i n g e n )  
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L5H08 F i g .  16b  
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F i g u r e  16.-  C o n c l u d e d .  



F i g .  17a ,b  N A C A  ACR No. L5H08 
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Figure 1 7 . -  R e l a t i v e  c e n t e r  o f  p r e s s u r e  as a f u n c t i o n  o f  nose  
f i n e n e s s  r a t i o  f o r  c o n s t a n t  Mach number. ( G o t t i n g e n )  
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F i g u r e  18.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach n u m b e r  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model 9. ( G o t t i n g e n )  
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F i g u r e  18. - C o n c l u d e d .  
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F i g u r e  19.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  a n d  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  as f u n c t i o n s  o f  Mach number  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model 10. ( G o t t i n g e n l  



F i g .  19 Conc. NACA ACR No. L5H08 
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F i g u r e  19. - C o n c l u d e d .  . 



NACA ACR NO. L5H08 F i g .  20 

t Q 

.6 

.4 

.z 

0 

.6 

*4 

.z 

0 

F i g u r e  20.- L i f t ,  d r a g ,  a n d  moment c o e f f i c i e n t s  and  p o s i t i o n  
o f  c e n t e r  o f  p r e s s u r e  a's f u n c t i o n s  o f  Mach number  f o r  
v a r i o u s  a n g l e s  o f  a t t a c k .  Model 11. ( G o t t i n g e n )  
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F i g u r e  20.- C o n c l u d e d .  
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F i g u r e  21.- Drag c o e f f i c i e n t  and r e l a t i v e  c e n t e r  o f  p r e s s u r e  
as f u n c t i o n s  o f  Mach number. Models 1, 9 ,  10, end 11. 
( G o t t i n g e n )  
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F i g u r e  24.- V a r i a t i o n  o f  d r a g  c o e f f i c i e n t  a n d  r e l a t i v e  c e n t e r  
o f  p r e s s u r e  with f i n e n e s s  r a t i o  o f  n o s e .  a = 0'. ( G u i d o n i a )  
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Mach n u m b e r ,  No 

F i g u r e  25.- V a r i a t i o n  o f  d r a g  c o e f f i c i e n t  a n d  r e l a t i v e  
c e n t e r  o f  p r e s s u r e  w i t h  Mach number  f o r  p r o j e c t i l e  3. 
( G u i d o n i a l  
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F i g u r e  26.-  V a r i a t i o n  o f  t h e  a e r o d y n a m i c  c o e f f i c i e n t s  w i t h  
a n g l e  o f  a t t a c k  f o r  p r o j e c t i l e s  1 a n d  3. 
I G u i d o n i a )  

M o  = 2 .06 .  
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F i g u r e  27. - P r e s s u r e  d i s t r i b u t i o n s  on  p r o j e c t i l e  1. A l l  
p o i n t s  on rear f a c e  o f  p r o j e c t i l e  a re  a p p r o x i m a t e l y  t h e  
same. M o  - 2.06. ( G u i d o n i a )  



F i g .  2 8 a - c  N A C A  A C R  No. L5H08 

L k 4  

72 

0 

.z 

.4 

F i g u r e  28.- P r e s s u r e  d i s t r i b u t i o n s  o n  p r o j e c t i l e  3. A l l  
p o i n t s  o n  rear  f a c e  o f  p r o j e c t i l e  a r e  a p p r o x i m a t e l y  t h e  
same. M, = 2.06. ( G u i d o n i a l  



NACA ACR NO. L5H08 Pig. 29a-c 
* 

( a )  P r o j e c t i l e  1. 

I b )  P r o j e c t i l e  1. 

- -  

( c )  P r o j e c t i l e  3 .  . 
F i g u r e  29.- O p t i c a l  d a t a  t a k e n  by s c h l i e r e n  a p p a r a t u s  f o r  

P r o j e c t i l e s  1 a n d  3 .  u = 0': M, = 2.06. ( G u i d o n i a )  
IArIOIAL ADVIIORT COMMITTEC FOR AEROIAUTICI 

~ 1 0 t . T  MEMORIAL AEIOIAUTICAL LABQUTORT - LAIOLCT FIELD. VAS 



F i g .  30 NACA ACR NO. L5H08 
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F i g u r e  30.- V a r i a t i o n  o f  t h e  a e r o d y n a m i c  c o e f f i c i e n t s  w i t h  
a n g l e  o f  a t t a c k  f o r  p r o j e c t i l e  8. Mo = 2.06. ( G u i d o n i a l  
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NACA ACR NO. L5H08 
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F i g .  3 2 a , b  

( a )  Taken  by s h a d o w g r a p h  a p p a r a t u s .  

1 1 
I 

I 

( b )  Taken by s c h l i e r e n  a p p a r a t u s ,  

F i g u r e  32.- O p t i c a l  d a t a  f o r  p r o j e c t i l e  5. u P 0 ' ;  
M o  = 2.06. ( C - u i d o n i a )  

IATIOIAL ADVISORY COYYITTKK FOR AKROIAUTICB 
LAIOLKY YEYORIAL AKROIAUTICAL LABORATORY - LAIDLSY ?IKLD. VA. 



NACA ACR NO.  L5H08 F i g .  3 3 a , b  

9 

( a )  Taken  by s h a d o w g r a p h  a p p a r a t u s .  

' ( b )  Taken  by s c h l i e r e n  a p p a r a t u s .  

F i g u r e  3 3 . -  O p t i c a l  d a t a  f o r  p r o j e c t i l e  6 .  u = 0 ' ;  
M o  = 2.06. ( G u i d n n i a )  e RATIORAL ADVIIORT COYMITTEX Fori AXROIAUTICI 

- L A R O L T I  I E I O I I A L  AX~ORAUTICAL LABOMTORT - 11110111 ?I.LD. VA. 



NACA ACR NO, L5H08 F i g ,  3 4 a , b  
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( a )  Taken  by s h a d o w g r a p h  a p p a r a t u s .  

I 

A 
( b )  T a k e n  by s c h l i e r e n  a p p a r a t u s .  

F i g u r e  3 4 . -  O p t i c a l  d a t a  f o r  p r o j e c t i l e  8. a = Oo ;  
M, = 2.05. ! G u i d o n i a )  

IATIOWAL ADVIIORY COUUITTCC FOR ACROIAUTICI 
LAWOLE1 MEMORIAL AIIOIAWTICAL LABOMTORT - LAIOLCT CICLD. VA. 
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( a )  Taken  by s h a d o w g r a p h  a p p a r a t u s .  

( b  1 ' T a k e n  by 
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s c h l i e r e n  a p p a r a t u s .  

F i g u r e  35.-  O p t i c a l  d a t a  f o r  p r o j e c t i l e  9 .  Q = O o ;  
M, = 2.06. ( G u i d o n i a )  

IIAZIOIIAL A D V I S O R Y  COUYITTKB ?OR A K R O I I A V T I C S  
U U O L K Y  U K M O R I A L  A K R O I A U T I C A L  LABORATORY - LAIIOLKT I I L L D .  VA. 


